We investigate the pseudo specific heat of SU(2) gauge theory near the crossover point on 4
Introduction
The pseudo specific heat C V of SU(2) gauge theory was already investigated in the beginning of Monte Carlo lattice studies. It is known to have a peak near β = 4/g 2 ≈ 2.2, in the crossover region between strong and weak coupling behaviour.
A first finite size analysis by Brower et al. For both the relation to the extended SU(2) model and the unexplained finite size behaviour in the crossover region a new study of the pseudo specific heat is useful.
Moreover, we may now determine C V with much higher statistics and also on larger lattices than in the early calculations, and we can apply modern analysis techniques.
In addition, since symmetric lattices are often used to simulate zero temperature physics, it is important to estimate remaining finite temperature effects which may show up in the pseudo specific heat .
1
We use the standard Wilson action for SU(2)
where
is the plaquette or energy and U µν (x) is the plaquette link operator. The sum extends over all independent forward plaquettes. There are N P = 6N 4 σ such plaquettes. We denote the lattice average of the plaquettes by P
3)
The speudo specific heat is then defined by
There are three methods to determine C V : i) one measures the plaquette expectation values P as a function of β and calculates the numerical derivative at β M = β + ∆β/2 from
ii) one measures the variance of the plaquettes, which is proportional to C V iii) one calculates the sum of plaquette-plaquette correlations
The most straightforward way is, of course, to calculate the variance of P . The density of states method (DSM) [5] may then be used to interpolate between the points. With increasing lattice size the DSM requires however more and more simulation points to obtain a densely populated action histogram. This comes about, because the variance of P is essentially proportional to N −1 P ( implying a nearly N P −independent specific heat C V , except for the smallest lattices ). From In Fig. 1 we show the results from methods i) and ii) and the DSM interpolation for these lattices. At each β−value we took on the average 90-120 thousand measurements. Between the measurements five updates, consisting of one heatbath and two overrelaxation steps were performed, so that the autocorrelation time was of the order of one. As can be seen from Fig. 1 there is complete consistence between the different methods. It is perhaps appropriate at this point to note that if, as it is often done, the plaquettes are measured during and not after each update the resulting plaquette variance is about 20% smaller than expected, because of local correlations among the plaquettes, though the plaquette average is correct. We have also investigated the plaquette correlations. We find in general a rapid fall with R = x ′ − x, the correlation length is of order 1-2 lattice spacings. The pla-quettes P µν (x) and P µ ′ ν ′ (x ′ ) in Eq. (2.7) may be in parallel or orthogonal planes. At the peak (β ≈ 2.23) we find that the total contribution of the orthogonal correlations is about 30% higher than that of the parallel correlations, whereas far away from the peak, at β = 2.70, the contributions are essentially equal. This is demonstrated in Fig. 2 , where we compare the contributions to C V in Eq. (2.7). Shown are the corresponding sums up to distance R as a function of R. Note, that the maximal nontrivial (with respect to the periodic boundary conditions) diagonal distance R on an N 4 σ lattice is N σ a. We see that at the crossover the orthogonal correlations reach their total contribution only at R ≈ 4a, whereas at β = 2.70 a distance of R ≈ 2a is sufficient. In contrast to that the parallel correlations have a much shorter range and distances of R > 1.5a play no role, both at the crossover and at higher β−values. There is also no difference among those parallel correlations where the two plaquettes are in the same plane or in different parallel planes. Since we are using periodic boundary conditions for all directions, the approach to the critical point corresponding to N σ will influence the plaquette expectation values. To check this, we have calculated the Polyakov loop
and its lattice average L 3) for large N σ , so that
where c is a constant. Indeed, a simulation at β = 0 confirms this relation in detail. Our final conclusion is, that the crossover peak is not the result of an ordinary phase transition. For large lattices the peak is at β co = 2.23(2), its height is C V,co = 1.685(10). For small lattices (N σ ≤ 6) however, the interplay of the crossover phenomenon and finite temperature effects shift and distort the peak considerably.
